Une analyse de redondance avec quelques variables chimiostratigraphiques et avec des valeurs de ph reconstituées à partir des diatomées indiquait que les changements de la communauté chironomidienne pourraient s'expliquer comme une réponse à l'acidification. Cependant, la majorité des taxa qui ont diminué ou disparu dans la partie haute de la carotte sont réputés vivre dans les lacs acides et la sensibilité au pH en elle-même ne paraît pas expliquer la réponse individuelle des espèces. L'abondance relative des Orthocladiinae augmente dans le haut de la carotte et le changement à long terme peut être interprété comme une régres-sion de la productivité ou une oligotrophisation. Le changement le plus net de la communauté chironomidienne paraît correspondre avec les concentrations décroissantes en aluminium dans les sédiments et peut être l'indice d'effets toxiques de l'aluminium libre dans la colonne d'eau.
Introduction
The detrimental effects of acid precipitation on natural ecosystems have received much attention during the last 20 years and several studies have previously focused on its effects on lacustrine chironomid com- munities (Mossberg 1979 , Mossberg & Nyberg 1976 , 1979 , Raddum & Saether 1981 , Wiederholm & Erikson 1977 , Walker et al. 1985 . The lake Store Hovvatn (Fig.l) has a central position in the history of Norwegian acidification studies. It was included in the «SNSF»-project («Acid precipitation -effects on forest and fish» ) (Drabl0s & Tollan 1980) and was, therefore, extensively investigated. Davis et al. (1985) , using diatoms, inferred that the pH of Store Hovvatn had been fluctuating around 4.9-5.2 for many centuries, prior to its decline beginning in the 1800s. had become extinct by the 1930s (B. Barlaup, University of Bergen, pers.comm.). The lake was regarded as chronically acidified when it was selected as one of the main sites for the «Liming Project» (Baalsrud 1985) . The lake was extensively limed in 1981, and then relimed in 1987, 1989 and 1991. Research activities continue at Store Hovvatn to investigate effects of acid deposition and liming on water chemistry and aquatic organisms. Previous studies of Store Hovvatn include research by Wright (1985) and Hindar (1987) on water chemistry, Raddum et al. (1986) on chemistry and biology in general, and Barlaup et al. (1989 Barlaup et al. ( , 1994 on fish biology.
Chironomid midges are highly regarded as indicators of environmental change (Walker 1995) . Direct records of community change can be found in sediment profiles, and some authors (Henrikson & Oscarson 1985 , Hultberg 1985 , Johnson & McNeill 1988 , Brodin 1990 ) have previously submitted historical evidence of acidification based on stratigraphical studies of chironomid head capsules.
In this paper, we report the results from an analysis of chironomid head capsule remains found in two sediment cores retrieved from Store Hovvatn before the lake chemistry was manipulated with lime. One of these cores has previously been analysed for chemical stratigraphy (Norton & Hess 1980) , diatoms (Davis & Berge 1980 , Davis et al. 1985 and cladoceran remains (Brakke 1980) . The data derived from these studies provide an excellent opportunity to interpret chironomid community changes from the perspective of known abiotic and biotic factors.
When interpreting chironomid species tolerances to acidification, we shall also use additional evidence from bottom samples taken in Store Hovvatn and from another lake, Lille Hovvatn, which is connected via influx to Store Hovvatn through a ca. 100 m long brook.
Site description
Store Hovvatn (Fig. 1) has a surface area of 1.1 km 2 . It is situated at 494 m a.s.l. in southernmost Norway (58° 37'N 8° 2'E, UTM 32VMK440975). The area is strongly affected by acid deposition (Anonymous 1987) . The surroundings are mostly bare bedrock and bogs, with sparse pine, spruce, and birch forest interspersed. The lake is situated in a bedrock depression, which suggests that the water-level may have been the 47 same or slightly higher since déglaciation. There is no large inlet river, only a few minor tributaries, and most of the water drains into the lake through seepage from bogs. The catchment has an area of 5.8 km 2 .
Lille Hovvatn is situated at 504 m a.s.l. and drains into Store Hovvatn via a ca. 100 m long brook. This lake is being used as an untreated reference lake to compare with Store Hovvatn following chemical manipulations. It is devoid of fish, has pH values between 4.3 and 4.6 (Hindar 1987) , and the present water chemistry is very similar to that of Store Hovvatn before liming (Wright 1985) .
Material and methods

The cores
Two sediment cores, designated 4.1 A and 4. IB, were taken in close proximity, at 10 m water depth in the western part of Store Hovvatn, March 1978. The sampler used was a stationary-piston corer with a tube diameter of 6.4 cm (Norton & Hess 1980) . The top 30 centimetres of the cores were sectioned into 0.5 cm thick samples, while the remaining sediment column was sectioned into 1 cm thick slices. Both cores were sectioned within one day after retrieval and the samples were temporarily stored in plastic bags at low temperature (5°C) until being processed. Core 4.1 A was sorted and the chironomid remains mounted shortly after retrieval, while 4.IB was sorted and analysed in 1994.
The two cores were treated differently with respect to analysis of chironomid remains. Each sample from core 4.1 A was obtained by amalgamating sediments from adjacent pairs of 0.5cm slices and by subsequently subsampling three ml of wet sediment for analysis. The samples were treated with KOH-solution and sieved prior to sorting, following the procedure outlined by Warwick (1980) ( R.B. Davis, pers. comm.) . After deflocculation in KOH, the chironomid remains were picked out under a stereo microscope, and all specimens were mounted on microscope slides in Euparal for identification.
Core 4.IB was analysed by picking head capsule remains directly from the 0.5cm slices of untreated sediments under a stereo microscope. This procedure was chosen in order to preserve structures that very easily break apart from the head capsules under treatment with KOH, especially the mandible and labrum. These structures are important for identification of chironomid species. The head capsules were then stored in 70 % ethanol, and some specimens were mounted in Hoyer s solution on microscope slides. A certain portion of easily recognisable species could be identified under the stereo microscope and only single specimens were mounted in Hoyer's solution in order to confirm the identification under higher magnification.
Head capsules from untreated samples retain, to a much greater extent, the taxonomically important structures. Thus, a larger proportion of the sample can be identified to species level. This is particularly true for Tanypodinae and Tanytarsini. On the other hand, direct sorting from fresh sediments yields fewer head capsules because the samples are not deflocculated in KOH, and larger volumes of sediment must be sorted. Also, sorting is in general more difficult and tiresome with fresh sediments. However, either way, the sorting procedure is very time consuming.
Identifications of chironomid taxa were based on diagnoses to genera in Wiederholm (1983) plus a wide range of taxonomic literature.
Chironomid head capsules that included the complete mentum were counted as one head capsule. Split fragments of head capsules that included half the mentum were common among Orthocladiinae. These fragments were counted as halves.
Dating and chemical stratigraphy
Core 4.1 A was originally dated with 137 Cs (Norton & Hess 1980) . However, in this study we use datings subsequently obtained with 210 Pb (Davis et al. 1985) , which tended to yield much older ages. In the analysis of relationships between chironomid communities and the chemical stratigraphy of core 4.1 A, we used data provided by Norton & Hess (1980) . The pH for each level in the core was scored from the profiles inferred by Davis et al. (1985) . Since Davis et al. (1985 : fig. 1 ) obtained slightly diverging reconstructions from regressions of diatom groups and from regressions based on principal component analysis, we used approximate means of the pH values obtained from these two methods. Core 4. IB was neither dated nor analysed for chemical stratigraphy.
Modern chironomid community reference samples
The composition of the Store Hovvatn benthic fauna, before the first chemical manipulation with lime, was assessed from samples of larvae taken in the autumn of 1977 and in spring 1978. Between 22 and 30 samples were retrieved with a Kajak sampler from each of four depth levels : 0.5m, 2m, 5m, and 10 m. This sampling programme has been conducted more or less continuously to the present day. Lille Hovvatn was included in a similar sampling scheme in 1988. The chironomid larvae from these samples were identified for comparison with the sediment cores. 
Data analyses
Species diversity was calculated from abundances with the Shannon-Weaver index. Relative abundance of species (%) was calculated for each sample and further numerical analyses were based on percentage data.
The computer programs TILIA and TILIA-Graph (E.Grimm, Illinois State Museum, Springfield, IL, USA) were used to produce stratigraphie diagrams and to calculate stratigraphically constrained clusters of the samples from the species data. The cluster analyses were based on between-sample-Cavalli-Sforzadistances.
Other statistical analyses of the core data were done with the software package Canoco 3.10 (ter Braak 1987 Braak -1992 . Principal component analysis (PCA), and redundancy analyses (RDA) were performed on species matrices excluding those taxa that did not exceed 2 % abundance in any strata of the core. The chironomid percentages were transformed to square roots prior to numerical analyses.
In order to find possible relationships between the species composition and a selection of other sediment characteristics, environmental variables were scored from previously published sources. Values for four of these variables (lead, aluminium, zinc and organic content) were based on measurement from core 4.1 A (Norton & Hess 1980) . Values for total organic content (TOC) and pH in the lake were based on the profiles inferred by Davis et al. (1985) .
Unrestricted Monte Carlo tests with 999 permutations were used in RDA to test the significance of the ordination, and the significance of the first axis. The significance of the second axis was tested similarly by 
Results
Core 4.1A
Eight samples from the upper 17 cm were analysed from core 4.1 A (Table 1) . A total of 646 chironomid head capsules were found. The relative abundances of the taxa are shown in Fig.2 . The most important taxa were Heterotrissocladius brundini S aether & Schnell, Heterotanytarsus apicalis (Kieffer), Heterotrissocladius marcidus (Walker) , Microtendipes cf. pedellus (De Geer), Heterotrissocladius grimshawi (Edwards), Ablabesmyia monilis (L.), and Sergentia coracina (Zetterstedt). These taxa made up 66 % of the specimens found in core 4.1 A. H. brundini was the dominant species in all samples except between 0-1 cm, where H. marcidus dominated. M. cf. pedellus showed the most pronounced decrease in abundance up-core, from 22 % in the sample at 16-17cm to no specimens in the two top samples. S. coracina also decreased, and was not found in the samples from 2-3 and 1-0 cm. H. marcidus increased from about 4 % of the total in the bottom sample to about 28 % in the top sample at 0-1 cm. H. apicalis showed the same tendency, with just over 1 % in the bottom sample to 10 % at the top.
Based on the results from the cluster analysis, we recognized four stratigraphie zones in core 4.1 A (Fig.2) . Zone HA1 can be characterized by a relative increase in Heterotrissocladius spp. and a decline in several Tanypodinae and Chironominae species. A decrease in the number of taxa and in the influx rate of head cap-
suies was also apparent in this segment of the core. The particular tendency of the change in species composition in zone HA1 is partly reversed in zone HA2. With H. brundini declining, and tanypods and some Chironominae including Sergentia reappearing. The number of taxa is restored in the transition between zones HA1 and HA2.
Zone HA3 shows a new decline of tanypods, increasing Heterotrissocladius, and a peak in H. apicalis and the Tanytarsus lugens group. This zone also displays the occurrence of some of the more ephemeral species in the core.
Inferred from the cluster analysis, the most important change in species composition appears in the transition to zone HA4 where there is a conspicuous peak in the relative abundance of H. brundini while most species of Chironomini and Tanytarsini disappear. Concurrently, the concentration of head capsules is at a minimum (Table 1 ) and the number of recorded species is down to eight. However, a few Tanypodinae and Chironominae reappear in the upper part of this zone, whereas there is tendency of H. marcidus to replace H.brundini as the dominant taxon.
Core 4.IB
A total of 10 samples were sorted and analysed upcore from the 16-16.5 cm level (Table 2, Fig.3 ) and 706 head capsules were recovered. Core 4.1 A displays very much the same patterns of fluctuating change in species composition as in core 4.1 A. The four main zones emerging from the cluster analysis are not fully correspondent with those from core 4.1 AIn terms of relative species composition, zone HB1 indicates a slight increase in H. brundini and a weak decrease in Ablabesmyia sp. and M. pedellus. These changes are more accentuated in the lower part of zone HB2 (Fig.3, dashed line) . Thus, H. brundini has a maximum at 10-10.5 cm, a level which more likely corresponds to the maximum at 12-13 cm in core 4.1 A. At 8-8.5 cm, head capsule concentration increases conspicuously and the number of species reaches a maximum. Apparently, this corresponds to a similar event at 10-11 cm in core 4.1 A.
The transition from zone HB2 to HB3 marks the main cluster division in core 4. IB with respect to species composition. The change is associated with either decline or reappearance of several otherwise sparsely represented species such as Parakiefferiella bathophila. Sergentia is replacing Microtendipes as the dominant Chironominae. There is also a slight increase in H.brundini. In the top section of zone HB3, H. apicalis has a peak in relative abundance which apparently corresponds to the peak at the 4-5 cm level in core 4.1 A. Simultaneously, the head capsule concentration and species diversity (Table 2) drop to minimum values for the core.
The community change seen in zone HA4 is to a large extent reproduced in.zone HB4. The peak in proportion of H.brundini at 2-3 cm is replaced by H.marcidus closer to the surface sediments and there is: ai twofold increase in the number of species from 2 cm depth to the surface.
Comparison of the cores
The same species dominated in both cores.. Some: species were found in one core only. Mesocricotopus; thienemanni (Goetghebuer), Pagastiella orophila (Ed ! -wards), and Stempellinella sp. were found onliy/in core; 4.1 A, while Cricotop.us (Cricotopus) sp., G'eoMhocl'adius luteicornis (Goetghebuer), Psectrocladius (Me- 
sopsectrocladius) barbaiipes Kieffer, Cryptochironomus sp., Demicryptochironomus vulneratus (Zetterstedt), Stenochironomus sp., and Tanytarsus pallidicorn/s-group were found only in core 4.IB. However, none of these species were represented by more than a few specimens.
For further comparison we pooled the species data from both cores into one data set. Ordination with species-centered PCA (Fig.4) indicated a close correspondence between the first axis and the chronological sequence of the sediment samples. The second axis yielded a separation of the A-and B-samples that probably reflects the different sorting methods applied on the two cores.
Core 4.1 A was processed according to the recommended procedures for chironomid subfossil analyses (Warwick 1980 , Hofmann 1986 , Walker 1987 ) and yielded more specimens per sorted volume than core 4.IB which was not deflocculated with KOH prior to sorting.-It is clearly much easier to overlook specimens in untreated samples. This is certainly a problem if inference is based on comparisons of quantitative data between cores. On the other hand, untreated samples yield better taxonomie resolution because important structures are retained.
The chronological sequence of the samples along the first axis is less perfect between 6 and 10 cm. However, the top and bottom segments of the cores indicate a strong correlation between the sample scores for cores A and B. Based on this pattern, we suggest that the first axis reflects the main gradient of a directed environmental change experienced by the chironomid communities of Store Hovvatn from ca. 1730 to the mid 1970s.
Chemical stratigraphy and community change
Ordination of the species data with PCA (Fig.4) indicated a gradient in the development of the community up-core. In order to explore this pattern of change in more detail we analysed the species data with a set of environmental data elaborated from previous studies of core 4.1 A (Norton & Hess 1980 , Davis et al. 1985 . Because of the apparent incompatibility between some levels in the A-and B-cores we were reluctant to associate chemostratigraphical data from the A-core with specific depth levels in the B-core. Thus, these analyses were based exclusively on data from core 4.1 A. The environmental variables initially included in the analysis were accumulation rate of head capsules, TOC, pH (Davis et al. 1985) , sediment organic matter, lead (Pb), zinc (Zn), and aluminium (Al). Coarse profiles for these variables are shown in Fig.5 . Profiles with better resolution are found in Norton & Hess (1980) . An initial explorative run with all seven variables in a detrended correspondence analysis (DCA) returned ordination axes longer than four standard deviation units, which suggests that a unimodal response model for the species, data would be more appropriate than a linear model (ter Braak 1987-92) . However, the relationship between numbers of species, numbers of sites and numbers of environmental variables in the data do not fulfill the requirements necessary for application of canonical correspondence analysis (i.e. a unimodal model). Accordingly, we used redundance analysis (RDA) (i.e. a linear model) in the direct analysis of the relationship between the species data and the selected environmental data from the core.
The results from executing RDA with all variables showed that (inferred) TOC and pH were strongly correlated and that sediment organic matter was strongly correlated with sediment lead concentration ( Table 3) ; The intercorrelated. variables also returned high variance inflation values (see ter Braak 1987-92) and their independent statistical effects could not be singled out. The procedure with forward selection of the variables suggested that pH, sediment organic content, zinc and aluminium provided the best explanation for the variance in the species data. In order to reduce the number of variables in the analysis we excluded TOC, Pb and head capsule accumulation rate. Results of RDA with this reduced set of variables are summarized in Table 4 (p < 0.02, Monte Carlo overall test for significance) and in Figs.6-7. Axisl explains 36.7 % of the variance explainable by the species data (p < 0.03). The interset correlations of environmental variables with the ordination axes (Table 5) show that pH (r = -0.895) and Al (r = -0.869) are highly correlated with axis 1, while organic content (r = -0.790) and Zn (r = -0.554) are more strongly correlated with axis 2.
In order to test hypotheses arising from these results we executed a series of partial, constrained RDAs with Monte Carlo permutations.
The results from this analysis (Table 6 ) indicated that significant parts of the variation in the species data can be explained with reference to either inferred pH (p < 0.01), sediment organic content (p < 0.04), or sediment aluminium content (p < 0.01) alone.
Species responses to environmental change in Store Hovvatn
The results from RDA indicated that about 1/3 of the species in the core had a variance that could be explained 80 % or more by the first four axes (Table 7) . Recalling that axisl might be interpreted as a pH or aluminium gradient (Table 5 ), very few individual species could actually be pinpointed as either particularly pH sensitive or tolerant on the basis of these results. However, 74 % of the fit for M. pedellus and P. pullum is associated with the first axis (Table 7) , indicating sensitivity to low pH (Fig.7) or to some other factor associated with low pH values. Species like H. marcidus and D. modestns appear to be more robust to low pH values (Fig.7) .
The chironomids of Store Hovvatn 1977-78 and Lille Hovvatn 1988-92
Both these lakes can be considered chronically acidified. Thus the benthic macrofauna is composed of species that are tolerant to low pH values. Table 8 gives the relative abundance of taxa calculated from two or more sampling dates. The samples of interest from Store Hovvatn are those from 5 and 10 m depth. Fourteen taxa were found at 5 m depth, Demicryptochironomus vulneratus, H. marcidus, and Procladius spp. were most abundant. At 10 m depth seven taxa were found, with Procladius spp. dominating. When the recent fauna of 1977-78 is compared with the findings of head capsules at the 0-1 cm sediment level, it is interesting to note that some taxa, including D. vulneratus, P. pullum are missing in the core samples. 
Ablabesmyia monilis
Discussion
Community change in Store Hovvatn
The assemblages of chironomid remains from Store Hovvatn show a fluctuating variation in species composition up-core (Figs.2-3 ). The data from core 4.IB may be seen as indicating somewhat stronger fluctuations in species composition than those of core 4.1 A (Fig.4) . It is possible that the samples from core 4.IB reflect better resolution of oscillating environmental change since they were taken from 0.5 cm slices throughout the core, whereas the samples from 4.1A represent averages of deposited head capsules within 1 cm sections. The original chemostratigraphical profiles from core 4.1 A (Norton & Hess 1980) sometimes show dramatic change between 0.5 cm sediment levels and we would expect quick response to these changes in the species composition. Besides, the taxonomical resolution of core 4. IB is better. However, the samples from this core are also numerically poorer. This may contribute to lower precision in the estimates of relative abundance and introduce error in the observed pattern of change.
Despite the irregularities between some pairs of samples from similar depth levels in the two cores, the species data from both cores point in the same general direction of community change (Fig. 4) . Our analysis with RDA shows that a considerable proportion of this change might be explained as an effect of acidification as measured by pH. If we maintain a sceptical attitude to the pH values used in the analysis (because they were not measured directly), sediment aluminium content is an alternative variable with significant explanatory potential, thus still indicating that acidification has been an important driving force, particularly in the later phases of biotic change in Store Hovvatn.
Although significant effects on growth and development of chironomids has been found with exposure to relatively low concentration of zinc (Timmermans et al. 1992 a,b) , a community response to zinc content in the sediments is not clearly indicated from our analysis (Table 6 ). Other metals, like lead, and additional components that were not included in the analysis show similar stratigraphical profiles in the core and the complex questions of bioavailability (Luoma 1989) adds to the difficulties of interpreting specific direct effects (14) from specific components in tthe changing water chemistry of Store Hovvatn. Sediment concentration ;©fitrace metals like lead and zinc are, however, good indicators of acidic deposition and testify to rates in atmospheric emission of acidifying components (Rippey 1990) . As previously <shown by other authors (Norton <& Hess 1980 ) the sexliment profile of lead in 'Store Hovvatn (Fig.5) indicates that atmospheric contamination mayihave started already by the middle of the last (century. Maximum ilead concentration was found at 5.5 cm in core 4.1 A ((Morton & Hess 1980) . A slight improvement in contamination input rates during the interwar\years!has been (found in other Nordic lake profiles ¡andihas been ifhoutght to reflect a temporary stagnation of fuel (consumption during years with an unstable'World economy ((©ernes 1993).
The contamination of Store Hovvatn has {previously been shown to affect the biological life in itheilake. The cladoceran assemblages from core 4.1 A (Brákke 1 : 980) decreased :in numbers of species from 16 em and towards the top as compared to the sections between 32 and 16 cm. A decreasing number of individuals from 9 cm to the surface was also observed, and it was concluded that this was an effect of the acidification process. Davis & Berge (1980) studied the diatom communities in core 4.1 A. They found two important shifts in the community composition, one at 8.5 cm and the other at 3.75 cm depth. The shift at 8.5 cm was seen by an increase in acidophilus taxa (mainly below pH 7) over indifferent ones, while the shift at 3.75 cm was marked by a replacement of acidophilous by acidobiontic (optimum below pH 5.5) taxa. The latter episode was seen as indicating that acidification had become more extreme.
It is interesting to note that these two episodes correspond roughly to the transitions between our zones HA2/HA3 and HA3/HA4 respectively (Fig.2) . However, although environmental change is indicated by the chironomids (Fig.2 ) from 8-9 cm to 6-7 cm, for instance by the proportional relationship between Tanytarsini and Chironomini (Fig.5) , this is not well reflected in the RDA ordination (Fig.6 ) and the number of species as well as the head capsule concentration are virtually unchanged through this interval of core 4.1 A. In core 4. IB, the species diversity has a maximum at 8-8.5 cm, but with the lack of dating it is difficult to assess that this level corresponds to the same level in core 4.1 A.
The segments from 4 to 2 cm in core 4.1 A (Fig.2) and from 4 to 3 cm in core 4. IB (Table 2 ) are characterized by a distinct decline in head capsule abundance and in the numbers of chironomid species. These observations certainly re'flect'.the most important ecological events in the modernihistory of Store Hovvatn and are ; probably causally lirikeditoa permanent shift to (extreme pH values. The (concurrent drop in aluminium concentration (Fig.5) in .the core suggests that sediment .trapping of this metal (declined and that labile aluminium increased to toxic "levels, at least for the trout population, which apparently went extinct during thisiperiod. The accumulation fratetof head capsules is also s.tnongly correlated with sediment aluminium content ( (Table 3) , and our RDA analysis suggests that the changing chironomid community in this segment of the core might be conceived in ierms of aluminium toxicity. lihese events were also associated with an inferred ámp in TOC values from about 7 p.p.m to about 3 p.p.m. (Davis et al. 1985) , which must have affected a number of important ecological variables such as water colouration, light penetration and bathymétrie distribution of .organisms.
Those species with the most conspicuous dominance up-core (H. brundini, H. marcidus, H. apicalis, and D. modestus) are all commonly found in acidified lakes (Mossberg & Nyberg 1976 , 1979 , Mossberg 1979 , Raddum & Saether 1981 and H. brundini is presently among the dominant chironomids in Lille Hovvatn. H. marcidus and H. apicalis are both important in the littoral and sublittoral zones of Store Hovvatn. In Lille Hovvatn all three species are among the dominant chironomids at 5, 10 and 20 m depth. From the concepts of classical lake typology (Thienemann 1941 (Thienemann , 1954 Brundin 1949 Brundin ,1956 ) the increasing relative abundance of orthoclad species up-core (Tables 1-2, Fig.5 ) indicates increasing oligotrophy and reduced production. The gradual increase in sediment lead content is closely correlated (Table 3 , Fig.5 ) with an increase in sediment organic matter, indicating a long term retardation in decomposition and nutritient cycling that followed the increasing input load of acidifying components (Grahn et al. 1974) .
Species responses to acidification
Although our results suggest that acidification might have been an important driving force in the gradual change of the species composition, there are few cues to suggest that those species with declining abundances up-core responded to physiological pH stress per se. Several of the species that can be associated with less extreme pH values (Fig.7) from declining relative abundances in core 4.1 A (Fig.2) , for instance S.coracina, Ablabesmyia, P. calcaratus, and P. pullum were actually found under acid conditions, either in the top levels of core 4.IB (Fig.3) or in recent samples from the Hovvatn lakes (Table 8) . M. pedellus is the only species that consistently seems to respond to acidification from our data (TaMe 7). After liming of Store Hovvatn it has been found (Occasionally at 0.5 and 2 m depth, and it has never been found in the acidified Lille Hovvatn (0.A. SchneH, unpublished). However, Mossberg & Nyberg (1976) found both M cf pedellus (as Microtendipes chloris var lugubris) and M. brevitarsis to be abundant in the strongly acidified Lake Vastra Skàlsjôn in Middle Sweden, which shows that the two most common members of the genus in Scandinavia can tolerate acidification. Also, Raddum & Saether (1981) found Microtendipes sp. (most likely the same species as in Store Hovvatn) to be common in an acidified lake situated only about 75 km west of Store Hovvatn. Likewise, Merilâinen & Hynynen (1990) found Microtendipes spp. at pH as low as 4.4 in Finland. This indicates that some other factor than low pH must be invoked to explain the absence of the species in Store Hovvatn today.
Our data from the cores suggest that the lake has become increasingly oligotrophic during the last 200 years. Johnson and McNeill (1988) found that the lakes studied by them had become increasingly oligotrophic during the last 130 years, prior to any anthropogenic acidification. They concluded that the trends observed probably were «natural, climate-related changes that have occurred continually through postglacial times». Our analysis of the species communities and chemostratigraphical data from Hovvatn shows that a large part of the variation can be explained in terms of pollution impacts. This is particularly so for the events reflected in the levels from about 4 to 2 cm in the cores. However, because several of the variables that testify to pollution input and acidification are both intercorrelated and causally connected to productivity decrease, it may be difficult to single out underlying climatic variation. Although there is a clear trend in the development of the chironomid fauna, the oscillations of some species through the sequence are difficult to explain from these data.
